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(From the Laboratory of Experimental Pathology of the  University of
Pennsylvania.)
According to Lamy and Mayer, (I)  and Porges and Pribram (2),
the infusion  of calcium  chloride diminishes  the elimination  of urine
through  its  influence  on  the  circulatory  system;  by  lowering  the
blood  pressure  (Porges  and  Pribram)  or  by  constriction  of  the
renal vessels and diminution of the amount of blood passing through
the kidneys  (Lamy  and  Mayer).  We  have  found  in previous  in-
vestigations  (3)  that calcium  chloride  diminishes  the urine and  in-
testinal  fluid  and has  the  reverse  effect  upon  the transudation  into
the peritoneal cavity.  In order to determine how much of the action
of calcium chloride  might be  due  to the lowering of the blood pres-
sure,  how  much  to a  direct  chemical  action  on  the  cells lining  the
cavities  into which the fluid  is eliminated,  we searched  for a method
which  would  in  all  likelihood  lower  the  blood  pressure  without
exerting any chemical or physico-chemical  action on these cells.  As
we shall describe more in detail in another paper,  we found a simple
method of produing chronic  interstitial  myocarditis  in rabbits.
By a single injection of adrenalin and either sparteine sulphate or
sodium  caffeine  benzoate  we  were  able  to  produce  such  lesions  in
more  than 6o  per cent.  of rabbits  used  in  these experiments.  This
lesion appeared  in the left ventricle after the injection  and consisted
mainly  in  an overgrowth  of  interstitial  tissue,  hypertrophy  of  the
muscle  fibers  and  some  degenerative  changes  in  the  muscle  cells.
We desired  to test the action  of  such  hearts  under  conditions  in
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which  an  increased  amount  of  work  was  required,  namely,  after
infusion  of  large  amounts  of  fluid  into  the  circulation.  We  as-
sumed  that  such  hearts  under  these  conditions  would  prove  to  be
relatively  inferior  in  power  to  normal  hearts  and  that  possibly  a
lowering of the  blood  pressure  would  follow  if such  animals  were
infused  with  sodium  chloride  solutions  and  mixtures  of  sodium
chloride  and  calcium  chloride  solutions.
The technique in these experiments  was in all particulars  the same
as that  described  in  our  first communication  and  the  solutions  in-
fused  were  either  an  0.85  per cent.  sodium  chloride  solution  or  a
mixture of four volumes of an 0.85  per cent. sodium  chloride  solu-
tion and one volume of 1.22 per cent. calcium  chloride solution.
As  stated  above,  in about 60 per  cent.  of the  animals  which had
been  injected  for the purpose  of producing  the myocarditic  lesion,
the  change  in  the  heart  was  marked  enough  to  be  seen  with  the
naked  eye;  in an additional  number  of animals  a slight  lesion  was
present  which  became  apparent  only  on  microscopic  examination,
and  in  a  certain  number  of cases  no  lesion  was  present  even  on
microscopic- examination.  In  the  following  report  of  our  experi-
ments  we  shall  divide  the animals  into  two  groups-one  in  which
a gross lesion was present, and a second  in which  the heart appeared
normal  to  the naked  eye.
EXPERIMENTS  WITH  NON-NEPHRECTOMIZED  ANIMALS.
In  one series  of  animals  which  showed  a  heart  lesion  following
the  above  mentioned  injection  of  adrenalin,  we  infused  sodium
chloride  solution  and  found  in this  series  an  average  of  80  c.c.  of
urine per  I,ooo  c.c.  of fluid  infused,  71  c.c.  of ascitic and  55 c.c.  of
intestinal fluid  per  I,ooo  c.c.  of retained  fluid  (by retained  fluid we
understand  infused  fluid  minus the  amount of  urine),  as  compared
with  420  c.c.  of  urine  per  I,ooo  c.c.  of  infused  fluid  and  68  c.c.
ascitic  and  53  c.c.  intestinal  fluid  per  I,ooo  c.c.  of retained  fluid  in
non-nephrectomized  animals  which  had  not  been  injected  with  the
sparteine.and  adrenalin,  and in  which  the heart  was  therefore  nor-
mal.  In the second  series of animals  which  had received  injections
of sparteine and adrenalin but which did not show any gross cardiac
lesions  we  found  420  c.c.  of  urine per  I,ooo  c.c.  of infused  fluid,
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65  c.c.  of  ascitic  and  40  c.c.  of  intestinal  fluid  per  I,ooo  c.c.  of
retained  fluid.
TABLE  I.
Non-Nephrectomized Rabbits Showing  Gross Cardiac Lesions Infused with 0.85
per cent. Sodium  Chloride Solution.
Inflow.  Urine.  Ascites.  Intestinal Fluid.
200  C.C.  14  c.c.  8 c.c.  7  c.c.
300  c.c.  7  c.c.  46  c.c.  Io  c.C.
320  c.c.  5  c.c.  I5  c.c.  13  c.c.
460  c.c.  9  c.c.  36  c.c.  24  c.C.
560  c.c.  20  C.C.  20 c.c.  70  c.c.
560  c.c.  42  C.C.  37  c.c.  32  c.C.
6oo  c.c.  17  c.c.  6o  c.c.  53  cc.
650  c.c.  35  c.c.  42  C.C.  20  C.C.
800  C.C.  I00  c.c.  6o  c.c.  25  c.c.
80o  c.c.  175  c.c.  20  C.C.  5  c.c.
Per  I,ooo  c.c.  infused  fluid:  Urine  80  c.c.
Per  I,ooo  c.c.  retained  fluid:  Ascites  71  c.c.
Per  ,ooo  c.c.  retained  fluid:  Intestinal  Fluid  55  c.e.
Non-Nephrectomized Rabbits Showring  no  Gross  Cardiac Lesion  Infused  with
o0.85 per cent.  Sodium Chloride Solution.
Inflow.  Urine.  Ascites.  Intestinal Fluid.
600oo  c.c.  230  c.c.  22  c.e.  I0  C.C.
700  .c.  450  .c.  34  c.c.  25  C.C.
8o0  c.c.  370  c.c.  42  c.c.  5  .c.
800  c.c.  340  c.c.  35  c.c.  10  C.C.
80o  c.c.  170  c.c.  8  c.c.  36  c.c.
Per  ,0oo  c.c.  infused  fluid:  Urine  420  .c.
Per  ,ooo  c.c.  retained  fluid:  Ascites  65  c.c.
Per  x,ooo  c.c.  retained  fluid:  Intestinal  fluid  40  c.c.
In the series  of rabbits which have shown a heart lesion and  have
been infused  with mixtures of sodium chloride  and calcium chloride
solutions  we find  125  c.c.  of  urine  per  ,000ooo  c.c.  of  infused  fluid,
125  c.c.  of ascitic  and  22  c.c.  of  intestinal  fluid  per  ,ooo  c.c.  of
retained  fluid.  In  normal  animals  infused  with  such  mixtures  we
find  175  c.c.  of urine  per  I,ooo  c.c.  infused  fluid,  and go c.c.  ascitic
and  47  c.c.  intestinal  fluid  per  I,ooo  c.c.  retained  fluid.  In  a  few
(three)  animals which have shown no gross heart lesion we find  I48
c.c.  urine  per  I,ooo  c.c.  infused  fluid,  74  c.c.  ascitic  and  38  c.c.
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before we cannot draw any definite conclusion  from a series of three
experiments  and we mention  these  latter  figures without  regarding
them as conclusive.
TABLE  II.
Non-Nephrectomized Rabbits Showing Gross Cardiac Lesions Infused with  Ottne
Volume  i.22  per cent.  Calcium  Chloride and Four Volumes  0.85
per  cent.  Sodium  Chloride Solutions.
Inflow.  Urine.  Ascites.  Intestinal Fluid.
470  c.c.  20  C.C.  70 c.c.  35  c.c.
530  c.c.  43  c.c.  65  c.c.  To  c.c.
640  c.c.  66  c.c.  115  c.c.  5  c.c.
700  c.c.  22  C.C.  42  C.C.  5  c.c.
700  c.c.  255  c.C.  65  c.c.  5  Cc.
800  c.c.  80  c.c.  64  c.c.  15  c.c.
Per  I,ooo  c.c.  infused  fluid:  Urine  I25  c.c.
Per  ,ooo  c.c.  retained  fluid:  Ascites  125  c.c.
Per  ,ooo  c.c.  retained  fluid:  Intestinal  Fluid  22  c.c.
Non-Nephrectomized Rabbits Showing  no  Gross Cardiac Lesions Infused  with
One Volume  .22 per cent. Calcium Chloride and Four Volumes 0.85
per cent. Sodium  Chloride Solutions.
Inflow.  Urine.  Ascites.  Intestinal Fluid.
500  C.c.  70  C.c.  77  c.c.  20  C.C.
6o00  c.c.  oo  c.c.  80 c.c.  IO C.C.
760  c.c.  104  C.C.  120  .C.  30  c.C.
Per  ,o0oo  c.c.  infused  fluid:  Urine  148  c.e.
Per  ,ooo c.c.  retained  fluid:  Ascites  174  c.c.
Per  ,oo  cc. retained  fluid:  Intestinal  Fluid  38  c.c.
EXPERIMENTS  WITIt  NEPI[RECTOMIZED  ANIMALS.
We found  in a series  of experiments with  animals showing gross
cardiac  lesions  from  which  both  kidneys  had  been  removed  before
the  infusion  with  sodium  chloride  solution  76  c.c.  of  ascitic  fluid
and 96 c.c.  of intestinal  fluid  per  ,ooo  c.c. of fluid infused  as com-
pared  with  Iog c.c.  ascitic and  94  c.c.  intestinal  fluid  per  ,ooo  c.c.
of  infused  fluid,  as  found  in normal  nephrectomized  animals  (3).
In  a  later  series  of  ten  experiments  with  nephrectomized  normal
animals  which  were  not  included  in  our  first  communication,  we
obtained  87  c.c.  ascitic  and  76  c.c.  intestinal  fluid per  I,ooo  c.c.  of
infused  fluid.  In a similar way we  found last year in  a series car-
ried  on during the winter  months  a smaller amount of ascites  than
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in  a  series  carried  on  during  the  summer;  we  found,  however,  at
the  same  time  in control  experiments  that  such  variations  did  not
affect  our  main  conclusions.  In  animals  which  had  been  injected
with adrenalin  and  sparteine,  etc.,  but which at autopsy showed  no
macroscopic cardiac  lesion, 79 c.c. of ascitic and 8o c.c.  of intestinal
fluid were present.
A  series  of  experiments  in which  nephrectomized  animals  with
cardiac  lesions  were  infused  with mixed  sodium  chloride  and  cal-
cium  chloride  solutions  was omitted,  as  it  seemed  that  the  experi-
ments already  enumerated  showed  quite  distinctly  the effect  of the
cardiac  lesion.
TABLE  III.
Nephrectomized Rabbits Showing  Gross Cardiac Lesions Infused with  o.85 per
cent.  Sodium  Chloride Solutions.
Inflow.  Ascites.  Intestinal Fluid.
560  c.c.  20  c.c.  70  c.c.
600oo  c.  80  c.c.  o  c.c.
60o  c.c.  48  c.c.  32  c.c.
650  c.c.  35  c.c.  51  c.c.
68o  c.c.  45  c.c.  85  c.c.
700  c.c.  25  c.c.  100  C.C.
800  c.c.  70  c.c.  27  c.c.
8oo  c.c.  85  C.c.  95  c.c.
800  c.c.  45  c.c.  65  c.c.
8oo  c.c.  6o  c.c.  go c.c.
Per  ,ooo  c.c.  infused  fluid:  Ascites  76  c.c.
Per  I,ooo  c.c.  infused  fluid:  Intestinal  Fluid  98  c.c.
Nephrectomized Rabbits
Inflow.
400  Ce..
430  c.c.
600  c.c.
650  c.c.
650  c.c.
800  c.c.
8oo  c.c.
800  c.c.
800  c.c.
800  c.c.
Showing  Gross Cardiac Lesions  Infused  with  Sodium
Chloride Solutions.
Ascites.  Intestinal Fluid.
30  c.c.  45  c.c.
35  c.c.  35  c.c.
1o  c.c.  100  C.C.
80  c.c.  30  c.c.
40  cc.  55  c.c.
40  c.c.  60  c.c.
54  c.c.  30  c.c.
130  e.e.  75  c.c.
30  c.c.  70  c..
60  .c.  65  c.c.
Per  I,OOO  c.c.  infused  fluid:  Ascites  79  c.c.
Per  ,ooo  c.c.  infused  fluid:  Intestinal  Fluid  80o  c.c.
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Considering first the influence  of experimental  myocarditic  lesions
upon the excretion of urine, it is quite evident that such lesions cause
a marked decrease in the amount of urine;  this is especially  marked,
if solutions of sodium  chloride  are infused,  the urine being reduced
to less  than one-fifth  of the usual  quantity;  if  calcium  chloride  has
been  added  to  the  infused  fluid,  the urine is  only  reduced  to  about
five-sevenths  of  the  quantity  secreted  in  normal  animals  infused
with  mixtures  of  sodium  chloride  and  calcium  chloride  solutions.
The  reduction  of  urine  is  therefore  relatively  much more  marked
in  animals  infused  with sodium  chloride solutions  than in  those in-
fused  with  mixed  sodium  chloride  and  calcium  chloride  solutions.
That this  marked  reduction  of urine is  due  to a renal  lesion which
might  arise  from  the  same  cause  as the  cardiac  lesion  or  possibly
be secondary  can  be  excluded,  because  we were  unable  to  find any
pathological changes  in a number of kidneys obtained from animals
which  showed heart lesions  and  which had been previously  infused,
and  also  from  animals  which  showed  heart  lesions  but which  had
not been previously  infused.  We  were  unable  to note any  change
in the glomeruli,  renal  epithelium  or  in the  interstitial  tissue.  We
also examined  the urine  from some  animals  with  heart lesions  and
found  it  free  of  albumin.  That  this  diminution  of  urine  is  de-
pendent  upon  the  cardiac  lesions  seems  certain;  as  a  provisional
explanation,  we  may  state  that  on  account  of  the  failure  of  the
injured  heart  to  respond  to  the  increased  demands  upon  it  (the
increased  demand  for  work  being  due  to  the  over-filling  of  the
vascular system)  the blood pressure  falls,  the lowering of  the blood
pressure being followed  by a decrease  in the amount of urine.
Upon ascitic and intestinal  fluid  the cardiac lesions  have but little
influence,  the  results  obtained  in  normal  animals  and  in  animals
showing  a  cardiac  lesion  varying  but  slightly;  in  non-nephrec-
tomized  animals  infused  with  sodium  chloride  solutions,  the  differ-
ences  are  negligible;  in  non-nephrectomized  animals  treated  with
mixed sodium chloride and calcium  chloride solutions the differences
are  slightly  more  marked  but  within  the  limits  of  spontaneous
variation.  We  find  in  this  series  of non-nephrectomized  animals
which  received  mixtures  of  sodium  chloride  and  calcium  chloride
solutions that the ascites  is a little  more increased  and the intestinal
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fluid  more  diminished  than  in normal  rabbits  infused  with  mixed
sodium chloride  and calcium  chloride  solutions  in  a larger  series of
control  experiments.  But we must not attach too much  importance
to  these  slight  variations,  especially  as  we  have here  to  deal  only
with  a  relatively  small  series  of  six  experiments  and  as  we  find
similar  figures  in  a  small  series  of  normal  animals  infused  with
mixed  sodium chloride and  calcium  chloride  solutions.
In  nephrectomized  animals  infused  with  o.85  per  cent.  sodium
chloride  solutions  there  are  some  differences,  if  we  compare  the
animals  with heart  lesions  with  the normal  animals  of  our  earlier
experiments,  but  the  differences  are  less  noticeable,  indeed,  prac-
tically negligible when  we compare the series of animals  with  heart
lesions  with  the  newer  series  of  normal  animals,  and  since  these
last  experiments  were  done  at  the  same  season as  were  the experi-
ments on animals  with heart lesions,  these two series are more truly
comparable.  The  experimental  heart  lesions  influence  therefore
very markedly  the secretion  of urine,  but leave  the ascites  and  in-
testinal  fluid  almost  unchanged.
In  these  series  of  experiments  the  occurrence  of  edema  of  the
lung was noted more  frequently  than  in normal  animals.  Thus,  in
normal  animals  which  received  sodium chloride  solutions  we  found
edema of the lung in  25 per cent.  of the cases;  among twenty-four
animals  which  showed  heart  lesions,  eight  (33  per cent.)  showed
edema  of  the  lung.  In  animals  showing  heart  lesions  which  re-
ceived  mixed  sodium  chloride  and  calcium  chloride  solutions,  five
out  of  seven animals  (70  per  cent.)  developed  edema  of the  lung
as compared  with  44 per  cent.  of the normal animals  infused  with
mixed  sodium  chloride  and calcium  chloride solutions.  Here again
we  see  that  calcium  chloride  increases  the  frequency  and  severity
of  the  edema  of the lung  and  it seems  probable  that  animals  with
myocarditic  lesions  are  more  liable  to  develop  edema  of  the  lung
than are normal  animals.
Of  the  various  experimental  factors  used  in  our  investigations,
namely,  addition  of  calcium  chloride  and  of  adrenalin  to  sodium
chloride  solutions,  and  myocarditic  lesions,  each  affects  the produc-
tion  of urine,  intestinal  fluid  and  peritoneal  transudate  in a  specific
way.  Thus,  calcium  chloride  diminishes  markedly  the  amount  of
486Moyer S. Fleisher and Leo Loeb.  487 
urine, it also decreases  the intestinal  fluid and  increases the peri- 
toneal  transudation.  Myocarditic  lesions  dccrease  the  urinc  and 
leave  the  intestinal  fluid  and  peritoneal  transudate  almost  tin- 
changed.  Adrenalin increases the urine  and  peritoncal transudate 
but leaves unchanged or possibly decreases somewhat the intestinal 
fluid.  These results are represented  in the following tables: 
Contparative  InfEuence of Various Experimerztal  Factors  ott  the  Production  of 
Urine, Intestinal  Fluid  and  Peritofteal  Transudate. 
Standardized to Figures  of the  Sodium  Chloride  Series.  (-decreased;  +in- 
creased ; =  unchanged ;  (  ?)  questionable.) 
Intestinal  Peritoneal 
Experimental Condition.  Urine.  Fluid.  Transudate. 
Calcium  chloride .................. -  -  + 
.........................  Adrenalin  +  -(?I 
-  + 
Calcium chloride +  adrenalin ...... -  + 
Nephrectomy  .....................  +  + 
Myocarditic  lesion  ................ -  -  -  - 
Calcium chloride+myocarditic  lesion. -  -  + 
Standardized to Figures  of  the Sodium  Chloride  and  Calcium  Chloride  Series. 
Intestinal  Peritoneal 
Experimental Condition.  Urine.  Fluid.  Transudate. 
......  Calcium  chloride +  adrenalin  $.  -(?I 
-  + 
Calcium chloride+myocarditic  lesion. -  -  - 
Our  results  indicate  strongly  that  even  granted  that  calcium 
chloride in  the quantities used  in  our  experiments diminishes  the 
urine  through its action on the  circulation  (a question  which  we 
intend to investigate experimentally)  it does not cxcrt its influence 
on the intestinal fluid and peritoneal  transudate tllrough the  same 
mechanism.  This conclusion  is suggested by  the fact that if  the 
heart action has been  weakened  through  a  myocarditic  lesion  the 
urine may be more markedly decreased in quantity after infusion of 
sodium  chloride  solution  than  it  is  in  normal  animals  under  the 
influence of calcium chloride and that notwithstanding this decrease 
in the amount of urine in the animals with heart lesions, neither the 
intestinal fluid  nor  the peritoneal  transudate  are changed  in  the 
same direction as under the influence of  calcium chloride. 458  Studies in Edema. 
SUMMARY. 
I. Animals in which experimental myocarditis has been produced 
and  which  are  infused  with  sodium  chloride  solutions  show  a 
marked  decrease  in  the  amount  of  the  secretion of  ui-ine.  This 
decrease is even more pronounced than that produced when calcium 
chloride is added to sodium chloride solution.  The intestinal fluid 
which is markedly  decreased,  and the peritoneal transudate which 
is increased by calcium chloride are, on the other hand, not markedly 
influenced by  myocarditic  lesions.  We may,  therefore,  conclude 
that calcium chloride does not exert its specific effect on the quan- 
tity of  peritoneal fluid through a lowering of  blood pressure. 
2.  Each of  the three factors, namely, calcium chloride, adrenalin 
and myocarditic lesions affects the elimination of  fluid through the 
kidneys, through the mucosa of  the small intestine and through the 
endothelial lining of  the peritoneal cavity in a  specific way.  The 
conditions influencing the elimination of  fluids through these three 
surfaces seem, therefore, to be  different in each case and character- 
istic for the cells lining these surfaces. 
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